This paper analyzes the time-series dynamics of closed-end fund discounts and their relation to portfolio performance and manager turnover. We find that a fund underperforms its peer group prior to manager replacement, but improves afterwards. Further, we show that discount changes reflect investor learning about fund manager skills, as well as investor anticipation of an impending manager replacement. Specifically, prior to replacement, the discount initially increases as fund performance worsens, then stops responding to further poor performance. For domestic equity funds, the peer-adjusted discount first increases by about 5%, then decreases by about 3% by the time of replacement. We also find that discount changes reflect past and forecast future portfolio performance among funds without manager replacements. Overall, our results are consistent with a significant component in closed-end fund discounts being related to manager talent.
Introduction
The deviation of closed-end fund share prices from net asset values (NAVs) represents a major puzzle in finance since, in the absence of frictions, such deviations violate the law of one price. There have been numerous attempts to explain closed-end fund discounts or premia. 1 One important explanation builds on the shortfall of the portfolio manager's ability relative to the management fees charged. Surprisingly, with the notable exception of Chay and Trzcinka (1999) , past studies have failed to find a significant correlation between fund performance and discounts.
Theoretically, the relation between discounts and managerial ability should be strong in the absence of manager change. For example, poor performance will lead to a downward revision of investor perception of managerial ability, thus leading to a larger discount. However, if managers are frequently replaced, this relation will be weakened.
Thus, the empirical relation between managerial skill and closed-end fund discounts will crucially depend on whether underperforming managers are entrenched and outperforming managers are retained.
This paper provides the first comprehensive empirical investigation of the relation between discount changes, portfolio performance, and manager turnover. Specifically we provide evidence on the following questions. Are underperforming closed-end fund managers replaced? How are discounts and their dynamics related to manager replacement?
Is there a significant relation between performance and discounts, after controlling for manager turnover?
To conduct our study, we assemble a database of share prices and NAVs, along with the date of manager replacement events, for all U.S. closed-end funds in existence from 1985 to 2006. Using this dataset, we first study the fund's portfolio performance (NAV returns) before and after manager replacement. We find that past peer-adjusted NAV returns help to predict the replacement of closed-end fund managers. Specifically, replaced managers underperform their peer groups during the two-year event window prior to re-1 See Dimson and Minio-Paluello (2002) for an excellent survey of this literature. placement. Following manager replacement, fund performance improves significantly for all fund categories except taxable bond funds. This result confirms that the average fund in our sample exhibits effective governance in that underperforming fund managers are replaced. In a world with rational expectations, this implies that poor performance will not necessarily be accompanied by an increase in the discount, due to the anticipation of a manager change.
We next examine the dynamics of the discount surrounding manager replacement events, and find an intriguing result: the peer-adjusted discount widens initially, then decreases prior to replacement. Specifically, among domestic equity funds, the discount first grows by about 5%, then decreases by approximately 3%, despite continuing poor NAV performance before replacement. This finding suggests that investors, as they observe poor performance, initially capitalize their beliefs about the (poor) ability of a fund manager into the stock price. However, the market eventually infers from performance (or learns from other sources) that this manager will be replaced -thus, the discount stops responding to poor NAV returns.
After decomposing the sample, we find that this hump-shaped pattern of discounts prior to manager replacement is mainly driven by equity funds. For bond funds, peeradjusted discounts continue to increase until the replacement date, indicating that the replacement anticipation effect is weaker for such funds. This is consistent with our result that bond fund performance does not improve substantially after manager replacement.
We add further evidence by exploring the determinants of manager replacement in a logit regression setting that includes, as explanatory variables, NAV returns, discount returns (returns to closed-end fund shareholders due to changes in discounts), and a list of control variables. We find that, for equity funds, while the two-year lagged discount return helps to predict manager replacement, the one-year lagged discount return does not. Consistent with the above-mentioned pattern of discount changes preceding the replacement event, this finding further supports that discount changes reflect not only the assessment of investors about fund manager ability, but also the expectation of investors regarding whether the manager will be replaced.
Our final tests focus on the relation between discount changes and NAV returns, accounting for the influence of manager replacement events. Specifically, we examine this relation separately for funds experiencing a manager replacement event and funds not experiencing such an event. In a Granger causality setting, we find that lagged peer-adjusted NAV returns predict peer-adjusted discount returns with a positive coefficient, indicating that the discount responds to information about manager ability reflected in prior portfolio performance, which is consistent with the predictions of Berk and Stanton (2007) .
In addition, we find that lagged peer-adjusted discount returns predict peer-adjusted NAV returns, indicating that discounts reflect rational expectations about manager ability.
Interestingly, we find that these relations weaken substantially when a fund experiences a manager replacement event. While there is still weak evidence that discount returns forecast future NAV performance, lagged NAV returns do not predict discount returns. This result again suggests that when fund investors anticipate or observe a manager replacement, they disregard the past NAV performance (of the replaced manager) when setting the discount.
Overall, our results are consistent with a significant component in closed-end fund discounts being related to manager talent. The key to our study is that we account for manager replacement events when analyzing the dynamics of the discount. In addition, in contrast to most previous studies, we focus on the change of discounts instead of the discount level itself, which may be affected by many fund-specific factors.
Our paper is most closely related to the managerial performance theory of closed-end fund discounts (Ferguson and Leistikow (2001) , Ross (2002) , Berk and Stanton (2007) ), which argues that the economic value of a closed-end fund is lower than the value of the underlying assets if managerial ability is not sufficient to offset management expenses.
While intuitively appealing, this theory has not found much empirical support. For example, Malkiel (1977) finds no significant relation between fund performance and discount levels. Thompson (1978) finds that fund discounts are positively related to future returns of fund stocks, a result confirmed by Pontiff (1995) . Pontiff (1995) further shows that this relation is mainly driven by mean-reverting discounts. More surprisingly, Lee, Shleifer, and Thaler (1990) report that the NAV performance of funds trading at larger discounts is higher than those with smaller discounts. An exception that supports the managerial performance theory is Chay and Trzcinka (1999) , who show that the future NAV return of funds selling at a discount is lower than that of funds selling at a premium.
Our paper is also related to the agency theory of the closed-end fund discount. Barclay, Holderness, and Pontiff (1993) find that closed-end fund discounts are positively related to the aggregate fund shares owned by the management and blockholders friendly to the management. They also provide evidence showing that the management and friendly blockholders receive private benefits from the continuation of the fund, which induce them to veto open-ending proposals. Coles, Suay, and Woodbury (2000) find that fund discounts are lower when the compensation of the fund advisor is more sensitive to fund performance. Del Guercio, Dann, and Partch (2003) find that board characteristics that proxy for board independence are associated with lower expense ratios and value-enhancing restructurings, but do not find any direct relation between board characteristics and fund discounts. Our paper differs from these studies by examining the change in discounts around an important corporate governance event -the replacement of the portfolio manager.
Several previous studies have examined the determinants and impacts of manager replacement in open-end funds (Khorana (1996) , Khorana (2001) , Chevalier and Ellison (1999), Hu, Hall, and Harvey (2000) , Ding and Wermers (2006) , Jin and Scherbina (2006) ). These studies show that manager replacement tends to be preceded by poor performance and followed by improved performance. However, these results do not necessarily translate to the closed-end fund market. In the case of open-end funds, as shown by Dangl, Wu, and Zechner (forthcoming), the response of investor flows to fund perfor-mance generates strong incentives for the fund management company to fire underperforming managers. Such a mechanism does not exist in the closed-end fund market.
The rest of this paper is structured as follows. Section 2 develops the main hypotheses that we test. Section 3 describes our database. Section 4 presents the patterns of fund performance, discounts, and NAV return volatility surrounding manager replacement. Section 5 uses a logit model to investigate the determinants of manager replacement. Section 6 examines the relation between NAV performance and discount changes by estimating a dynamic panel data model. Section 7 concludes.
Definitions and Hypotheses

Definitions
To add clarity to our hypotheses to follow, we first introduce several definitions. We call the return on the shares of a closed-end fund "stock return" and call the return on the fund's underlying assets "NAV-return", denoted by R S t and R N t respectively. All the returns are continuously compounded, so that a multi-period return is the sum of returns in each constituent period. Formally, the period-t returns are calculated as follows,
where P t is the per-share market price of the closed-end fund at the end of period t, NAV t is the per-share net asset value (after expenses, dividends and capital gains distributions), DIST t is the cash distribution (capital gains and dividends) in period t, and f t is the perperiod expense ratio. Our definition of NAV-return captures the total return generated by the fund's portfolio, gross of fees paid to the management company. This can be viewed as an accounting measure of the manager's performance.
We define discount at the end of period t as
A negative discount means that a fund trades at a premium. To exclude the influence of the dividend payment on the level of the discount at the ex-dividend day, we also introduce an alternative definition of discount, the cum-dividend discount:
This definition recognizes the following fact: at the ex-dividend day, ceteris paribus, the fund's stock price and NAV should drop by the same amount, i.e., DIST t , but the resulting change in the discount is purely mechanical and has no effect on the return to shareholders. 2 A combination of the two discounts defined above can be used to measure the return to closed-end fund investors caused by the change of discounts. We call this term "discount return" and define it as follows,
2 Consider a simple example: Suppose that in period t − 1, a fund with a NAV of $10 trades at the price of $8, i.e., with a discount of 20%. In period t it pays a dividend of $2, and both its stock price and its NAV per share decrease by $2 after the dividend payment. This will mechanically result in an end-of-period discount of 25% according to the normal definition. Introducing the cum-dividend discount allows us to decompose stock returns into discount returns and NAV returns more precisely. Nevertheless, our results remain largely unchanged without this dividend adjustment.
It is easy to see that the stock return in each period is simply the sum of NAV-return and discount return, minus the expense ratio. 3 By definition, we have
Therefore, if we ignore the management fees and transaction costs, the discount return can be interpreted as the return from investing in the shares of the closed-end fund, financed by short-selling the assets held by the fund.
Hypotheses
To motivate our empirical tests, we formulate hypotheses concerning the relations between the NAV return, discount return, and manager turnover. Since the NAV-return is a direct measure of managerial performance, if governance mechanisms are effective, then one would expect that poor NAV-returns will lead to a manager replacement, which in turn will be followed by an improvement in NAV-returns. In contrast, if the replacement of managers happens purely for exogenous reasons (e.g., retirement), we would observe no relation between manager replacement and NAV-performance. Therefore our first null and alternative hypotheses are: The relation between the discount return and manager replacement is more complicated. In a rational world, discounts reflect the market assessment of the fund manager's ability as well as the likelihood that the manager will be replaced. For example, a bad signal results in the market revising downward its view about managerial ability, but revising upward its view about the likelihood that the manager will be replaced. Ceteris paribus, the first effect would result in an increase in the discount, while the second would result in a decrease, leading to an ambiguous relation between the discount return and managerial replacement. We will refer to the first effect as the "ability learning effect" and to the second effect as the "replacement anticipation effect". If the first (second) effect dominates, there is a negative (positive) relation between the discount return and manager replacement. We expect the ability learning effect to dominate in periods when replacement is only a remote possibility, but to become increasingly mitigated by the replacement anticipation effect as the replacement becomes more likely. This results in a nonlinear pattern of discount changes prior to manager replacement.
On the other hand, if the discount does not reflect learning about manager ability and the anticipation of manager replacement, then there will be no systematic pattern in discount changes prior to manager replacement. Our discussion above also implies that, in a rational world, the dynamic relation between the discount return and the NAV return will be influenced by a manager replacement event. In the absence of manager replacement, there should be a positive relation between past NAV-returns and current discount returns, because a high NAV-return leads to an increase in the market's assessment of managerial ability (the ability learning effect). If fund investors have rational expectations, there should also be a positive relation between past discount returns and current NAV returns (the rational expectation effect).
However, both relations may become weaker in the periods immediately surrounding a manager turnover. If a manager replacement has just occurred, or is imminent, then the past portfolio performance will provide less information about future performance. Thus, the learning effect may disappear. At the same time, future performance for funds undergoing a manager turnover may be more difficult to predict, thus weakening the rational expectation effect.
In contrast, if discounts are purely driven by investor sentiment, then there will be no relation between discount changes and NAV performance. We examine the returns and characteristics of the universe of U.S. closed-end funds over the period from January 1985 to June 2006. This database is constructed from two sources. First, we obtain the investment objective, weekly share price and net asset value, monthly total net assets, annual expense ratio and turnover rate, and daily information on distributions from Lipper Inc., a leading provider of mutual fund data. The weekly stock return, NAV-return and discount return are then calculated according to definitions (1), (2), and (5), respectively. The annual expense ratio is divided by 52 before it is used to calculate the weekly pre-expense NAV-return. 4 Second, fund manager information is obtained from Morningstar Inc.. These data in- survivorship bias is not a concern for our study.
We adopt the following sample selection procedure. We start with all funds in the Lipper NAV and price database. First, we exclude funds without distribution data since it is impossible to calculate their returns; second, we exclude funds having fewer than 104 observations (two years) of weekly NAV or discount returns; and third, we exclude all convertible, warrant, preferred stock, and international debt funds since there are few such funds. We are left with 644 Lipper funds after these three steps. Finally, we exclude funds that cannot be matched to the Morningstar manager database. Our final sample consists of 579 funds, each with, on average, 594 weekly return observations. 5 Among them, 156 cease to exist before the end of June 2006.
[ Table 1 about here.] According to the Lipper classification system, the 579 funds in our final sample are classified into four broad categories: domestic equity, international equity, taxable bond, and municipal bond. Each category is further divided into several sub-groups according to the investment objective of funds. Table 1 displays the distribution of the funds across categories, as well as across investment objectives.
Our sample shows that the US closed-end fund market is dominated by bond funds: municipal bond funds constitute more than one half (312) of our sample, while domestic equity (60) and international equity funds (70) together constitute less than one quarter.
These features are in sharp contrast to the UK, where all closed-end funds are equity funds. The number of funds also differs substantially across investment objectives, ranging from 3 (Minnesota Municipal Debt Funds) to 59 (General Muni Debt Funds (Leveraged)).
[ Table 2 about here.] Table 2 summarizes various fund characteristics for five sample years, 1985, 1990, 1995, 2000, 2005 , as well as for the entire sample period. For each sample year, we report the total number of funds as well as the average size (measured by total net assets), discount level, expense ratio, NAV return, discount return, and stock return. Statistics for the entire sample period are averages over all fund-years.
Fund characteristics
Some notable features emerge from the table. For instance, equity funds generally have a higher expense ratio and a higher discount than bond funds. This is consistent with Ross (2002) , who attributes the discount to the present value of expenses. Furthermore, although discount returns over the entire period are close to zero for all types of funds, they generate big losses or gains for shareholders during shorter periods. For example, international equity funds generated an average discount return of -28.12% during 1990.
Even with bond funds, discount changes can have a significant impact -the average discount return for taxable bond funds is over 11% during 2000. These findings highlight the importance of discount changes on investor wealth. Table 3 summarizes manager characteristics for our funds at the end of 1985, 1990, 1995, 2000, as The table also shows that manager tenure in 1990 and 1995 is substantially shorter than that in the other sample years. This is because many new funds were launched between 1985 and 1995, as one can see from the number of funds reported in Table 2 .
Manager characteristics
Panel B reports the average size of the management team, i.e., the average number of managers associated with a specific fund. The panel shows that taxable bond funds tend to have a larger management team than other funds, indicating that the impact of replacing a single manager may be less significant than for other categories. There is also a tendency toward larger management teams over time. Besides the fact that one fund may have more than one portfolio manager, it is not unusual to observe a manager to be simultaneously involved in the management of several funds. Panel C of Table 3 reports the average number of funds, including open-end funds, simultaneously managed by a closed-end fund manager, either independently or jointly with other managers. The table shows that managers of bond funds, especially municipal bond funds, tend to simultaneously manage a larger number of funds. This implies that manager replacement in the bond fund sector may be more difficult to predict since it depends on performance across a larger number of funds.
[ 
Manager replacement sample
We now present summary statistics for our manager replacement sample. We define manager replacement as occurring when at least one of the managers with the longest tenure with a given fund is replaced by a new manager(s). To ensure that a shift in management actually happens, the new manager(s) must join the fund during a window starting 12 weeks before and ending 12 weeks after the replaced manager(s) leaves. For a manager replacement to be included in our event sample, it has to meet several additional criteria: first, at least one of the replaced managers should have a tenure longer than two years (i.e., 104 weeks) with the current fund; in addition, at least 40 weekly return observations must be available during each of the two years prior to the replacement. These conditions are imposed since we wish to build a pre-replacement record for the replaced manager(s).
103 replacement events fail to satisfy these criteria and are thus excluded. We further exclude 4 replacement events that occurred within one year since the last event, as well as 5 extreme observations. 6 Our final sample consists of 286 manager replacement events, which involve 166 managers since the same manager can be replaced at multiple funds.
These events occur across a total of 214 funds. Panel A of Table 4 displays the distribution of the 286 manager replacement events across fund categories and periods.
Since our definition of manager replacement requires that at least one new manager be appointed to manage the fund, it automatically excludes the case where a manager loses his job due to the termination of his fund. Although the termination of underperforming funds represents another important mechanism to discipline fund managers, it is well known that the stock price of closed-end funds tends to converge to NAV at termination. We exclude fund terminations because we do not want this predictable discount movement, which has nothing to do with expected future managerial performance, to contaminate the pre-replacement discount dynamics. 7 [ We choose an event window of four years centered on the event date (week 0). We measure the abnormal return for an event fund as the difference between the return of the event fund and the average return of a peer group. This peer group consists of all funds with the same investment objective that do not experience a manager replacement (as defined in section 3.4) during the same four-year window. 8 We plot in Panel A of Figure 1 the average peer-adjusted discount level, as well as the cumulative peer-adjusted NAV return and stock return over the four-year event window for the 286 manager replacement events. There are a couple of interesting patterns reflected in this figure. First, the cumulative peer-adjusted NAV-return and stock return steadily decrease prior to manager replacement. At the time of replacement, the cumulative peeradjusted NAV return is about -2.5 percent, while the cumulative peer-adjusted stock return is about -4 percent. Given that more than two-thirds of the replacement events occur among bond funds, this underperformance is quite remarkable. Second, the deterioration of fund performance stops shortly after the manager replacement; during the first year following manager replacement, event funds even seem to outperform their peers. These patterns conflict with the null Hypothesis I and lend support to the alternative Effective Governance Hypothesis Ia.
Third, the peer-adjusted discount level exhibits an interesting pattern. It starts at about -1%, then grows to roughly 0.5% during the first 1.5 years of the event window. It then fluctuates around this level for the remainder of the event window. This pattern is consistent with the presence of two competing effects before a manager replacement (Alternative Hypothesis IIa). On one hand, investors are learning about the poor skills of the manager (ability learning effect); on the other hand, investors are anticipating that the manager is likely to be replaced (replacement anticipation effect). The pattern shown in Figure 1 is consistent with a dominant role for the first effect during the early weeks of the event window, and an increasingly important role for the second effect during the weeks immediately prior to replacement.
There are two potential reasons for the stronger replacement anticipation effect during year -1. First, as the fund continues to underperform its peers, and investors gather further negative information about managerial ability, investors become increasingly confident that the manager will be replaced. Second, it is possible that the market already knows during year -1 that the manager will be replaced with certainty. Our data identifies the actual manager replacement date but not the exact date of the disclosure of the replacement to the market, which may substantially precede the actual replacement date.
[ Figure 1 about here.] Figure 2 shows results for each fund category: domestic equity, international equity, taxable bond and municipal bond. Similar to the results in Panel A of Figure 1 , the cumulative peer-adjusted NAV return and stock return are negative before the manager replacement event for each fund category, indicating that the event funds are underperforming their peer groups. Interestingly, the magnitude of the underperformance of equity funds is much greater than that of bond funds. For example, domestic equity event funds underperform by about 7% by week 0, while municipal bond event funds underperform by only about 1%. After manager replacement, event funds within all categories except taxable bond outperform their peers-this is further evidence supporting the Effective Governance Hypothesis (Ia). Taxable bond event funds continue to underperform their peers following manager replacement. This may be due to the fact that funds within this category tend to have a larger management team, so replacement of a single manager has a less noticeable impact.
Notably, the peer-adjusted discount level in both equity categories shows a clear pattern of first rising, then falling before manager replacement, again illustrating the relative strength of the ability learning effect and the replacement anticipation effect over time.
In contrast, for both bond fund categories, the discount steadily increases before manager replacement, indicating that the replacement anticipation effect is relatively weak.
Consistent with the continuing underperformance of taxable bond event funds after manager replacement, their discount level continues to rise after week 0. Note also that the magnitude of the discount change prior to manager replacement is much larger for equity funds than for bond funds, indicating a larger role for equity managers in generating fund performance. Specifically, the initial increase in the discount is about 5% for domestic equity funds, which is large relative to the average level of the discount among this type of funds (8% as reported in Table 2 ).
[ To provide further evidence on the importance of manager replacement on a fund's operation, we also examine the portfolio volatility of event funds. Panel B of Figure 1 plots the peer-adjusted annualized NAV return volatility, measured over a trailing window of 52 weeks. Clearly, the volatility drops prior to the replacement event, then rises. This indicates that the replaced manager may choose or be forced to abandon his unsuccessful active strategy, and that the new manager implements a new active strategy upon taking control of the fund. Figure 3 shows patterns in volatility for each fund category. The patterns across the categories are generally consistent with that of the overall sample.
Further, the v-shaped volatility pattern is much more pronounced in the two equity fund categories, indicating again that manager replacement impacts the portfolio strategy to a much larger degree in these categories.
To test whether the differences between event funds and peer groups are statistically significant, we examine four subperiods surrounding the event date (week 0): weeks -104 to -53 (year -2), -52 to -1 (year -1), +1 to +52 (year +1), and +53 to +104 (year +2).
For each event fund, we calculate peer-adjusted NAV-returns, discount returns and stock returns during each year. Funds with fewer than 40 weekly return observations during a specific year are excluded from that period.
Panel A of Table 5 reports the resulting measures, as well as the t-statistics, averaged across all 286 replacement events in our sample. 9 The last two columns report the average difference between year +1 and year -1 as well as between year +2 and year -1. The results confirm the statistical significance of the patterns illustrated in Figure 1 . Specifically, event funds substantially underperform their peers during year -1 in NAV returns and during year -2 in discount returns. These two return components lead to significant underperformance in the stock return during both years. Note that both the NAV return and the stock return significantly improve from year -1 to year +1 (as shown in the column labeled "+1 vs -1"). Panels B through E show results for individual fund categories. The patterns in NAV, discount and stock returns are similar to those of the overall sample, although significance levels are lower due to smaller sample sizes. As depicted in Figure 2 , the equity fund categories show more dramatic NAV underperformance prior to manager replacement than bond fund categories.
Panel A of Table 6 reports the peer-adjusted discount level and NAV return volatility measured at the beginning and end of each year. It further confirms the patterns shown in panel B of Figure 1 . The discount for event funds starts at a level significantly lower than that of its peers, then increases to a level that is slightly higher (though not significant).
In addition, the volatility drops to a level that is significantly lower than that of its peers by the time of manager replacement, then increases significantly by week 104. Panels B through E provide further information for the discount levels and the volatility patterns for each fund category. For the two equity categories, the peer adjusted discount level climbs to a statistically significant level of about 3% by week -53. Also for these categories, annualized peer adjusted volatility rises by roughly 2%, which is statistically significant, during the two years following manager replacement (see the column labeled "104 vs -1").
[ Overall, our simple event statistics presented so far provide support for the Effective Governance Hypothesis. NAV performance prior to a management replacement is substantially lower than that of peer funds, whereas this performance improves once new managers are employed. The results also provide supporting evidence for the existence of the ability learning effect and the replacement anticipation effect, and show the relative strength of each effect during different periods relative to the manager replacement event. Specifically, during early periods, poor NAV returns are accompanied by increasing discounts, indicating the dominance of the ability learning effect. During the periods immediately preceding a manager replacement, the discount level actually drops for equity funds despite poor NAV performance, indicating the dominance of the replacement anticipation effect.
The determinants of manager replacement
We now examine in a multivariate context how NAV returns and discount returns are related to future manager replacements, using a logit regression model. To implement the logit regression, we construct a control sample as follows: for any given year t (t=1987, 1988, ..., 2004) , we include in the control sample all funds that do not experience a manager replacement, as defined in Section 3.4, during a four-year window between July of year t − 2 to June of year t + 2. The performance and other characteristics of the control funds are measured over the first half of the four-year window. This procedure enables us to construct a control sample of 3,398 observations for the 286 replacement events. Panel B of Table 4 displays the distribution of control observations across fund categories and time periods. Panel C of the table reports the ratio of the number of events to the number of controls in each period. One can see that this ratio is substantially lower for the 2000-2004 period, this has to do with our assumption of no manager replacement during the last two years of our sample period, for which we do not have the manager data. We then run pooled logit regressions with fund category and year dummies. 10 We are mainly interested in how past performance, measured by peer-adjusted NAV-, discount-and stock-returns, is related to the probability of manager replacement. Here, we define a peer-adjusted measure as the difference between the measure for a specific fund and the contemporaneous average across all funds in the same category. 11 Since the cross-sectional variation of returns is different across fund categories, we would expect that the influence of a given magnitude of underperformance on the probability of manager replacement would also vary across fund categories. For example, an underperformance of one percent in the highly volatile international equity category would give much less information about managerial ability than a similar underperformance in the relatively stable municipal bond category. To address this problem, we standardize all category-adjusted returns by dividing them by the cross-sectional standard deviation within a given category. Table 7 displays the results for several specifications of the logit regressions. Model I tests the predictive power of the lagged stock return, which is the sum of the NAVreturn and discount return (minus the expense ratio). Models II and III test the predictive power of the two components of the stock return, i.e., the NAV-return and discount return, respectively. Model IV uses the NAV return and discount return jointly as explanatory 10 Fund category and year dummies are included in all our logit regressions but are not reported in the tables. Due to the use of year dummies, all control observations for a year without a manager replacement are automatically excluded from the logit regression. As a result, some observations are lost when the sample is divided into two subsamples.
11 In a previous version of this paper, we report similar results using measures adjusted by the average across all funds with the same investment objective. The disadvantage of this alternative measure is that the number of funds in each investment objective group is often rather small, which makes the estimation of the cross-sectional standard deviation within each group less accurate. variables. Model V extends model IV by including a list of control variables: the discount level, expense ratio, fund family size (log of the fund management company's total net assets within one fund category), portfolio turnover rate and NAV return volatility, all averaged over the two pre-replacement years; as well as the manager tenure, measured at the replacement time. All these variables are peer-adjusted and standardized in the same way as the return variables. 12 [ Table 7 about here.]
The logit regressions confirm prior results reported in Table 5 . Model I shows that the (standardized peer-adjusted) stock returns, during both year -2 and year -1, are negatively related to the probability of manager replacement. For example, an increase of one standard deviation in the stock return of a fund during year -1 results in a decrease of 30.5 percent in the log odds of replacement (versus non-replacement). Model II shows that lagged NAV-returns are negatively related to the probability of manager replacement.
Model III shows that both discount returns during year -2 and -1 predict manager replacement. When past NAV-returns and discount returns are considered jointly (model IV), the coefficient of the NAV return in year -1 is no longer significant, while the significance of other return variables remains unchanged. This implies that the negative relation between the year -2 stock return and manager replacement is mainly driven by the discount return, while the negative effect of the year -1 stock return is driven by both the NAV-return and discount return. This result does not change when more control variables are included (model V). Overall, both the magnitude and the statistical significance of estimated coefficients are quite robust to changes in model specification. Table 5 , all models confirm a negative relation between past NAV-returns and manager replacement -which is consistent with the Effective Governance Hypothesis. The fact that discount returns during both year -2 and -1 are 12 Fund management companies may respond to poor performance by reducing management fees instead of firing the manager. This would potentially weaken the relation between past performance and manager replacement. However, we do not find any reliable relation between management fee changes and past or current fund performance. negatively related to manager replacement suggests that the ability learning effect dominates the replacement anticipation effect for the entire sample, perhaps because of a weak anticipation effect for bond funds (as shown in Figure 2) . Also, the fact that discount returns predict manager replacement one year ahead of NAV returns (models IV and V) clearly indicates that investors are forward-looking. They do not form their beliefs about managerial ability only by looking at the fund's realized portfolio returns. Instead, they also observe other signals, perhaps including news reports about the fund manager, the concepts underlying the manager's portfolio strategies, or the performance of other funds managed by the same manager.
Consistent with our prior results of
The relations between manager replacement and other fund characteristics shown in model V are also interesting. The expense ratio is positively related to the probability of manager replacement. A higher management fee ratio implies that the management company will have stronger incentives to fire an underperforming manager to protect such fees from shareholder restructuring actions, such as open-ending the fund or changing the fund advisory company. The results also indicate that a large fund family is more likely to replace a manager, which is consistent with a disciplinary role of fund families as modeled by Gervais, Lynch, and Musto (2005) . Furthermore, consistent with our previous result of decreasing NAV volatility prior to manager replacement, lower NAV return volatility is associated with a significantly higher probability of future manager replacement.
[ We further divide our sample into equity funds and bond funds, and rerun the logit regressions. Tables 8 and 9 present results for these two subsamples, respectively. Note that while the relations between manager replacement and the control variables vary somewhat across equity and bond funds, the influence of past performance variables (stock return, NAV return and discount return) are relatively stable, with one important difference. Specifically, for equity funds, manager replacement is significantly related to discount returns during year -2 but not during year -1; but for bond funds, replacement is significantly related to discount returns during both periods (see regression V in Table   9 ). The finding of an insignificant relation between manager replacement and the year -1 discount return among equity funds indicates that the replacement anticipation effect is strong enough to offset the ability learning effect during the period immediately before manager replacement. This supports our conjecture that the dynamics of the discount reflects not only investor beliefs about portfolio manager ability, but also the anticipation of manager turnover (Alternative Hypothesis IIa).
The finding of a significant relation between manager replacement and both lagged discount returns among bond funds indicates that the replacement anticipation effect is relatively weak among these funds. This may be due to two reasons. First, investors may forecast manager replacement among bond funds with a lower precision. Note that the pseudo R 2 s of the logit models for equity funds are about twice as high as for bond funds.
Second, as we have shown previously, manager replacement has a weaker effect on fund performance among bond funds, which leads to a weak replacement anticipation effect.
Dynamic relation between NAV and discount returns
Our previous results suggest that discount dynamics reflect both investor learning about fund manager ability and anticipation of future manager replacement. We now examine more explicitly how discount returns are related to the fund's past and future NAV returns, and how these relations are affected by manager replacement.
In the absence of manager replacement, NAV returns may predict discount returns through a learning effect. For example, investors observing high NAV returns would infer that these returns are more likely to have been generated by a skilled manager -leading to a reduction in the discount. In addition, discount returns may predict NAV returns through a rational expectations effect. If investors receive information, from both the market and elsewhere, about manager skills, then a decrease in the discount should forecast good future NAV returns. However, we would expect both of these effects to be much weaker during the periods immediately surrounding a manager replacement event, as postulated by Alternative Hypothesis IIIa.
To test these conjectures, we run a Granger causality test using our panel data of discount returns and NAV returns. Consider the following regression equation:
where y it is the observation for the dependent variable for fund i during year t, α i is an unobservable individual effect, and p is the lag length sufficiently large to ensure that u it is a white noise error term. If γ 1 = γ 2 = ... = γ p = 0, then x does not Granger cause y.
Since we are interested in the dynamic relation between the discount return and the NAV return, these two variables are used in Equation (6) as the left-hand side variables. Both returns are measured on a calender year basis and as before, transformed into standardized deviations from contemporaneous category means.
It is well known that due to the presence of the individual effect, α i , and the lagged dependent variables on the right-hand side, the standard Least Square Dummy Variable (LSDV) estimator is inconsistent for panels with fixed time periods, i.e., its bias does not vanish even if the number of cross-sectional units goes to infinity (see Nickell (1981) (1991)). 13 The differenced model has the following form:
where ∆y it = y it − y i,t−1 .
We use the one-step GMM estimator developed by Arellano and Bond (1991) to estimate the parameters in Equation (7). 14 This estimator is constructed based on the following observation. Under the weak assumption that the error term, u it , is uncorrelated with all past values of y and x, as well as with individual effects, the error term in Equation (7), ∆u it , is uncorrelated with y i,t− j and x i,t− j for j ≥ 2. Namely,
Equation (8) represents a set of moment conditions that can be used to identify the parameters. 15 Since the consistency of this estimator relies crucially on the assumption of a white noise term in Equation (6), Arellano and Bond (1991) also derive a test for this assumption based on the fact that the lack of serial correlation in u it implies that ∆u it should exhibit negative first-order autocorrelation, and no autocorrelation for orders 2 and beyond. We set p = 2 in Equation (7). The Arellano-Bond test suggests that this lag length leads to a white noise error term -thus ensuring the consistency of the Arellano-Bond estimator.
In order to examine whether manager turnover has an influence on the dynamic relation between discount returns and NAV returns, we run the regression separately for fund-years with and without a manager replacement event. 16 If there is a manager replacement (as defined in Section 3.4) in fund i during year t, then the observation with ∆y it as the dependent variable is included in the replacement sample. Otherwise it is included in the non-replacement sample. Since p = 2, four consecutive annual returns for a given fund must be available to form one observation. This leads to 217 observations in the replacement sample and 3,545 observations in the non-replacement sample.
Panel A of Table 10 reports results for the base-case model (7). The first two columns present results for the non-replacement sample, while the last two present results for the 14 The two-step standard errors are found to be biased downward in small samples, therefore the one-step estimator is preferable for statistical inference.
15 See Arellano and Bond (1991) In the non-replacement sample, there is two-way Granger causality between discount returns and NAV returns, and this causality is significant at 1% in both directions. If a fund outperforms its peer group during year t − 1, its discount tends to narrow during year t, leading to a higher discount return (see the coefficient of 0.176 on ∆R N −1 in column two). At the same time, if a fund's discount narrows during year t − 1 (relative to other funds in the same category), its underlying portfolio tends to outperform its peer group during year t (see the coefficients of 0.181 on ∆R D −1 in column one). These results indicate that investors not only update their assessment of the fund manager using the realized portfolio performance, but also correctly predict future portfolio performance. The results also show a negative autocorrelation in discount returns as well as NAV returns.
Interestingly, results are quite different for the replacement sample (columns three and four). As discussed previously, when there is a manager replacement during year t, investors will pay less attention to past NAV performance. Therefore, we should find a weaker relation between past NAV returns and current discount returns. This is exactly what our results indicate. NAV returns do not Granger cause discount returns in the replacement sample. In addition, the null hypothesis of no Granger causality from discount returns to NAV returns can be rejected only at the 10% level according to the Wald test.
This indicates that the market may still be able to forecast fund performance when a manager is replaced, but to a lesser degree. Pontiff (1995) finds that closed-end fund discounts exhibit a strong tendency to meanrevert. This is consistent with the negative autocorrelation of discount returns reported in Panel A of Table 10 . As a robustness check, we add the discount level at the end of year t − 1, peer-group adjusted and standardized, to our regressions as an additional explanatory variable. The results are reported in Panel B of Table 10 . The previous results remain largely unchanged, but the negative autocorrelation in discount returns becomes weaker. This change is to be expected, since part of the mean reversion in discounts is now captured by the positive coefficient on the past discount level (see the highly significant coefficients on ∆Discount −1 shown in columns two and four of Panel B). Another difference in the results is that the null hypothesis of no Granger causality from discount returns to NAV returns now cannot be rejected for the replacement sample.
This further indicates that investors may have difficulty in forecasting fund performance when there is a manager replacement.
[ Table 10 about here.]
To summarize, our dynamic panel data analysis strongly rejects the null hypothesis of no Granger causality between discount returns and NAV returns, and provides support for Alternative Hypothesis IIIa. The results are consistent with rationality in discount dynamics, and indicate that manager turnover may have an important effect on the dynamic relation between portfolio performance and discount changes.
Conclusion
Despite the large body of research on closed-end fund discounts, previous studies have found only a weak relation between discounts and the fund's portfolio performance. One reason for this failure is that prior studies have ignored the impact of events that might change this relation. An example is the replacement of a closed-end fund manager.
In this paper, we find evidence of effective internal governance in closed-end funds, in that underperforming managers are replaced. Furthermore, the discount change reflects both investor learning about managerial ability and the anticipation of manager replacement. For equity funds, the peer-adjusted discount first increases, and then decreases prior to manager replacement, reflecting the presence of both a learning and an anticipation effect. For bond funds, the peer-adjusted discount continues to increase until the manager replacement date, indicating that the anticipation effect is always dominated by the learning effect.
We also find a stronger discount-performance relation after controlling for manager replacement events. Specifically, discount dynamics reveal that, in the absence of manager replacement, investors not only update their assessment of managerial ability based on past fund performance, but also exhibit an ability to forecast the future fund performance.
This two-way Granger causality weakens when a fund undergoes a manager replacement event. These results suggest that there is a close relation between fund discounts and fund performance, however, this relation can be broken by actions or events that are endogenously induced by fund performance.
Although manager replacement, which is examined in this paper, is a prominent example of such an event, many other actions taken by the fund management company, the fund's board of directors, or outside investors, such as a liquidation, open-ending, seasoned share issuance, merger and acquisition or share repurchase, may have similar effects. 17 Future research that endogenizes such actions will undoubtedly bring new insights to the closed-end fund discount puzzle. Panel A plots the average peer-adjusted discount level, cumulative NAV return and stock return over the four-year event window for 286 replacement events. Panel B plots the peer-adjusted NAV return volatility over the same period. For each event fund, a peer group is defined as all funds within the same investment objective group but not experiencing a manager replacement during the four-year event window. This figure shows the average peer-adjusted NAV return volatility (annualized) for manager replacement events in each closed-end fund category. The volatility for week t is measured using the weekly NAV returns from week t − 51 to week t. For each event fund, a peer-group is defined as all funds within the same investment objective but not experiencing a manager replacement during the four-year event window. Panel A, B, C, D correspond to domestic equity, international equity, taxable bond, and municipal bond funds, respectively. This table summarizes various fund characteristics for 5 sample years , 1985, 1990, 1995, 2000, 2005 , as well as for the entire sample period. For each sample year, we report the total number of funds, as well as the average: end-of-year total net assets and discount level; annual expense ratio, NAV return, discount return, and stock return. Annual returns are calculated as 52 times average weekly returns. Only funds with at least 40 weekly return observations in a particular year are included. Statistics for the entire sample period are averages over all fund-years. A manager replacement occurs when at least one of the managers with the longest tenure (not less than two years) is replaced by a new manager(s). Panel B reports the distribution of the control sample, which is constructed as follows: for any given year t, we include in the control sample all funds that do not experience any manager replacement as defined above over the period from July of year t − 2 to June of year t + 2. Panel C reports the ratio of the number of events to the number of controls in each period. 1985-1989 1990-1994 1995-1999 2000-2004 ) and stock return (R S ) during each of the four years surrounding manager replacement, as well as the average differences in these measures between year +1 and year -1 and between year +2 and year -1. The peer-group consists of funds with the same investment objective but without manager replacement in the four-year event window. All returns are in percent. T-statistics based on robust standard errors allowing for clustering of error terms at the manager level are in parentheses. *, **, *** denote statistical significance at the 10%, 5% and 1% levels respectively. This table reports the average peer-adjusted discount level and NAV return volatility (annualized) surrounding manager replacement events, as well as the average differences in these measures between week +52 and week -1 and between week +104 and week -1. The volatility for week t is measured using the weekly returns from week t − 51 to week t. The peer-group consists of funds with the same investment objective but without manager replacement in the four-year event window. The discount and volatility are in percent. T-statistics based on robust standard errors allowing for clustering of error terms at the manager level are in parentheses. *, **, *** denote statistical significance at the 10%, 5% and 1% levels respectively. 
The last model also includes a list of control variables: the discount level, expense ratio, fund family size (log of the fund management company's total net assets within one fund category), portfolio turnover rate and NAV return volatility, all averaged over the two pre-replacement years; as well as the manager tenure, measured at the replacement time. These variables are all standardized by subtracting the category average and then dividing by the cross-sectional standard deviation within each fund category. Year dummies and fund category dummies are included in all regressions but not reported. Z-statistics based on robust standard errors allowing for clustering of error terms at the manager level are in parentheses. *,**, *** denote statistical significance at the 10%, 5% and 1% levels respectively. The last model also includes a list of control variables: the discount level, expense ratio, fund family size (log of the fund management company's total net assets within one fund category), portfolio turnover rate and NAV return volatility, all averaged over the two pre-replacement years; as well as the manager tenure, measured at the replacement time. These variables are all standardized by subtracting the category average and then dividing by the cross-sectional standard deviation within each fund category. Year dummies and fund category dummies are included in all regressions but not reported. Z-statistics based on robust standard errors allowing for clustering of error terms at the manager level are in parentheses. *,**, *** denote statistical significance at the 10%, 5% and 1% levels respectively. The last model also includes a list of control variables: the discount level, expense ratio, fund family size (log of the fund management company's total net assets within one fund category), portfolio turnover rate and NAV return volatility, all averaged over the two pre-replacement years; as well as the manager tenure, measured at the replacement time. These variables are all standardized by subtracting the category average and then dividing by the cross-sectional standard deviation within each fund category. Year dummies and fund category dummies are included in all regressions but not reported. Z-statistics based on robust standard errors allowing for clustering of error terms at the manager level are in parentheses. *,**, *** denote statistical significance at the 10%, 5% and 1% levels respectively. We run a Granger causality test using a panel of annual discount returns and NAV returns. Panel A reports results for the base-case model. Panel B reports results for an extended model, controlling for the discount level at the end of year t − 1. Parameters are estimated using a one-step GMM procedure developed by Arellano-Bond (1991) for dynamic panel data models. R N , R D , and Discount denote the standardized category-adjusted NAV return, discount return, and discount level, respectively. Z-statistics based-on asymptotic standard errors robust to general cross-sectional and time-series heteroskedasticity are in parentheses. χ 2 statistics for the Wald test of no Granger causality are reported in the last row of each panel. *, **, *** denote statistical significance at the 10%, 5% and 1% levels respectively. 
